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Introduction: Asynchronous patient-ventilator interaction risks inadequate oxygenation that can cause prolonged mechanical ventilation requirement. Currently, patient-ventilator asynchrony events cannot be automatically detected in real-time and the problem is essentially neglected. This research presents a model-based approach to automatically detect asynchrony events in real-time.

Methods: Fourteen patients at Christchurch Hospital Intensive care unit were evaluated in this prospective observational study. Each patient was mechanically ventilated using a Puritan Bennett, PB840 ventilator at settings determined by the attending clinician. Airway pressure and flow profiles were recorded for 1-52 hours and the time-varying respiratory elastance (Edrs) was estimated for each breath. When the area under the curve of Edrs over a particular breath cycle was ±50% of the median for the given patient, an asynchronous event was declared. The study and use of the data was approved by the New Zealand South Regional Ethics Committee.

Results: A median of 7,394 [Interquartile range (IQR): 4,934-21,782] breathing cycles per patient were analysed. There were median 554 [IQR: 109-1,189] breathing cycles identified as asynchrony events, yielding a median Asynchrony Index of 7.40% [IQR: 2.32-13.32%]. These asynchronous breathing cycles determined by this model-based analysis corresponded to events of significant mismatch during manual inspection of pressure-flow curve. 

Conclusion: Model-based estimation of Edrs provides clinically useful information in monitoring patient-ventilator interaction and asynchrony. Frequent erratic Edrs values suggest asynchronous events are far greater than previously thought. Patient-ventilator interaction could be improved if automated detection of patient-specific asynchronous events are used to guide ventilator management.


